Terrestrial nematodes occupy a wide variety of habitats, including soils, plants and animals (McSorley, 2003) . Habitat has a major influence on physical adaptation and species diversity, and it seems likely that the variety of habitat characteristics also drives behavioural adaptation, resulting in different physical abilities of nematodes. The inherent obstacle to studying the behaviour of nematodes lies in observing them in natural habitats because their movement is usually constrained by soil or host tissues. The development of micro-moulded substrates may solve this problem by allowing direct observation and can be a promising new tool for nematode research. We test the hypothesis that different environmental structures are a factor that causes behavioural adaptation of nematodes by analysing the movement characteristics of nematodes in three different structures.
We devised two micro-moulded substrates (approximately 5 × 5 mm) made of flexible polydimethylsiloxane. One had six long straight pathways 60 μm wide, 50 μm deep and 2 mm long (Fig. 1A) . We designed the substrate to reproduce long and narrow pathways in plants, such as resin ducts and tracheids. We measured the locomotion speed of individuals for 30 to 60 s. The other was a micropore network (50 μm deep) designed to investigate the moving pattern in soil (Fig. 1B) . We counted the number of 200 μm blocks traversed by the nematodes forwards and backwards and calculated the percentage of distance moved backwards. The speed in the micropore network indicates the total distance moved forward and backward per unit of time. In the network we formed a T-shaped space by inserting part of an eyelash (3-4 mm long) in a pathway (Fig. 1B) . We measured the time a nematode remained in the structure from when its head met the eyelash to when its head passed the finish line (dotted line in Fig. 1B) .
We used 12 species of nematodes and the tested nematodes represent different trophic groups. The body lengths are indicated in Table 1 . Aphelenchoides besseyi (collected from rice, Oryza sativa), Aphelenchus avenae (from glasshouse soil around tomato plants, Solanum lycopersicum), Bursaphelenchus xylophilus (from Japanese red pine, Pinus densiflora) and Ditylenchus destructor (from garlic, Allium sativum) were propagated on Botrytis cinerea at 23
• C. Aphelenchoides fragariae (collected from lily, Lilium oriental hybrids) and Pratylenchus penetrans (collected from soil around the roots of cabbage, Brassica oleracea var. capitata) were propagated on lucerne (Medicago sativa) callus at 23
• C. Meloidogyne incognita Omei strain was propagated on tomato plants, and second-stage juveniles were collected from egg masses. Steinernema carpocapsae was kindly provided by SDS Biotech K.K. (Tsukuba, Japan), and thirdstage infective juveniles were used. Acrobeloides thornei, Oscheius tipulae, Panagrolaimus rigidus and Pristionchus pacificus were provided by the Caenorhabditis Genetics Center (University of Minnesota, St Paul, MN, USA) and were cultured on nematode growth medium agar on a diet of Escherichia coli OP50 at 23
• C. Nematodes were washed with 0.01 M phosphatebuffered saline (PBS; Wako, Tokyo, Japan) three times. The experiments were conducted in two micro-moulded substrates saturated with PBS at 23
• C. Five to 20 nematodes in 3 μl PBS were injected into the substrate via a hole in its cover. After the liquid had stabilised, movements of nematodes were recorded by a CCD camera (VH-6200, Keyence, Tokyo, Japan) connected to a microscope. The moving characteristics of individuals were analysed using image analysis software (Video Capture 6.5, Ulead Systems, Tokyo, Japan). The data of 45 individuals of each species in the three experiments were analysed by analysis of variance followed by Fisher's PLSD test to investigate differences between species. The coefficient of correlation between the percentage of distance moved backwards and the dwell time in the Tshaped space was calculated.
The tested nematodes had enough space to move in waves and had sufficient contact with the side walls in the straight pathway. The tested bacterivorous, entomopathogenic and two plant-parasitic (M. incognita and P. penetrans) nematodes twisted and rolled repeatedly in the pathway and did not show a tendency to move forwards. Aphelenchoides besseyi, A. fragariae, B. xylophilus and D. destructor moved smoothly forward as on a gel plate (Fig 1A) , and Fisher's PLSD test showed that they moved
